The Child Behavior Checklist Dysregulation Profile (DP) in youth has been shown to be a predictor of psychopathology later in life. We examined the activity of the Hypothalamic Pituitary Adrenal (HPA) axis in youth with remitted, new, persistent, and no DP. Data from 489 youth (47% boys) participating in a Dutch longitudinal general population study were included (Wave 1 mean age=11.5, Wave 2=14.2). Wave 2 diurnal cortisol patterns and levels in response to a laboratory stress paradigm were compared in youth with DP at Wave 1 only, Wave 2 only, both Waves, and neither Wave. Youth with the DP at Wave 2 only or at both time points showed blunted cortisol responses to stress relative to the other two groups. There were no group or sex differences in diurnal cortisol activity. More research is needed to determine how the association between DP symptoms and HPA axis functioning changes over time.
Introduction
With increasing emphasis on the need for prevention of psychiatric disorders (Beardslee, Chien, & Bell, 2011; O'Connell, Boat, & Warner, 2009) , there has been a call for research identifying risk in youth in order to prevent debilitating psychopathology later in life. The Dysregulation Profile (DP), assessed using a widely used parent-report questionnaire measure called the Child Behavior Checklist (CBCL) (Achenbach & Rescorla, 2001) , has been shown to be a particularly strong predictor of poor mental health outcomes later in life (Althoff, Verhulst, Rettew, Hudziak, & van der Ende, 2010; Biederman et al., 2009; Holtmann et al., 2011; Meyer et al., 2009) . The DP, which consists of clinically elevated scores on the Aggressive Behavior, Anxious-Depressed, and Attention Problems scales of the CBCL, was originally identified by Biederman and colleagues (Biederman et al., 1995) as a profile common among children with bipolar disorder. As research on the DP has advanced, however, it has become clear that the profile is predictive of not only bipolar disorder, but also many other serious and debilitating emotional and behavioral problems, such as substance use, major depression, personality disorders, and suicidality (Althoff, et al., 2010; Biederman, et al., 2009; Holtmann, et al., 2011; Meyer, et al., 2009) . Recently, Althoff and colleagues (Althoff, et al., 2010) showed that the DP (measured in childhood) predicted anxiety disorders, mood disorders, substance use disorders, disruptive behavior disorders, and major depressive disorder in adulthood, 14 years later.
Based on the literature, the DP appears to be best described as a profile reflective of problems in regulating behavior, attention, and emotion (hence the name Dysregulation Profile). Therefore, children with this profile are likely to have difficulties in multiple areas of functioning and may be particularly at risk for co-occurring disorders later in life. Because of its clear clinical relevance and the ease with which it can be measured, the DP may be an excellent identifier of populations in need of preventive interventions to ameliorate existing psychopathology, and to prevent even more severe problems in the longterm.
To fully understand the etiology of the DP, and to ultimately design effective treatment and prevention protocols, it is necessary to study the biological processes that may differentiate youth with the DP from youth with other psychopathology and from healthy youth. However, the biological correlates of the DP have not yet been sufficiently examined. Holtmann, Zepf, and colleagues (Holtmann, Duketis, Goth, Poustka, & Boelte, 2010; Zepf, Wockel, Poustka, & Holtmann, 2008) found elevated thyroid stimulating hormone (TSH) levels and evidence of dysfunction in the serotonin system among youth with the DP. However, a more recent study failed to find any association between indicators of thyroid function and the DP in youth (Zepf et al., 2011) . These studies have led the way in attempting to understand the function or dysfunction of biological systems related to the regulation of mood and stress among youth with the DP. However, more research is clearly needed to identify biomarkers and examine the etiology of this important identifier of severe psychopathology and long-term impairment.
One of the most widely studied biological systems in the development of psychiatric disorders is the hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis regulates the response and adaptation to changes, including stressors, in the environment. When exposed to stress, the central nervous system is activated, and corticotropin releasing hormone (CRH), adrenal corticotrophic hormone (ACTH), and cortisol are released in the brain. The increased cortisol levels elicit the inhibition of the HPA axis, and once the stressor is gone, cortisol levels return to their baseline levels (Jacobson & Sapolsky, 1991) .
Variations in HPA axis activity, usually assessed using repeated measurements of salivary cortisol during a normal day or during a laboratory stress task, have been found in clinical and healthy populations (Chida & Hamer, 2008; Chida & Steptoe, 2009) . Individuals with psychopathology such as depression, anxiety, aggression, substance use, and other emotional and behavioral problems often display maladaptive cortisol responses, such as cortisol levels that do not sufficiently increase in response to a stressor, or that do not recover after the removal of a stressor (Burke, Davis, Otte, & Mohr, 2005; Chida & Hamer, 2008; Greaves-Lord et al., 2007; Greaves-Lord et al., 2009) . HPA-axis responsivity to stress is influenced by many different factors, including the severity of psychopathology (Burke, et al., 2005; Chida & Hamer, 2008; Kudielka, Hellhammer, & Wust, 2009 ). For example, in healthy subjects, there is evidence that individuals with emotion regulation deficits show increased cortisol levels in response to a stressor compared to those without such deficits (Lam, Dickerson, Zoccola, & Zaldivar, 2009; Quirin, Kuhl, & Dusing, 2011) . In contrast, patients with more severe impairment of emotion regulation abilities (e.g., those with bipolar or borderline personality disorder) show blunted HPA-axis responding to stress (Nater et al., 2010; Steen et al., 2011) . In other words, cortisol levels do not adequately increase following a stressor for those with severely impaired emotion regulation. This blunted cortisol response indicates a maladaptive response to stress, which can contribute to more severe levels of psychopathology over time (Burke, et al., 2005) . Given that the DP appears to predict severe adult psychopathology, we were interested in determining whether youth with the DP would also display alterations in HPA-axis functioning, such as blunted cortisol responses to stress.
Although HPA-axis responses have not yet been examined in youth with the DP, we turn to existing research on some of the DP sub-components for hypothesis formation. Research on the association between some of the sub-components of the DP and HPA-axis responding have been inconsistent. For example, studies have found positive, negative, and no association between HPA-axis responses in samples of youth with aggressive behavior (Cappadocia, Desrocher, Pepler, & Schroeder, 2009 ) and attention problems (Hastings, Fortier, Utendale, Simard, & Robaey, 2009; Ma, Chen, Chen, Liu, & Wang, 2011; Stadler et al., 2011; van West, Claes, & Deboutte, 2009) . Some have hypothesized that a reason for this inconsistency could be the frequent lack of measurement of common co-occurring problems such as anxiety, depression, and emotional dysregulation within these samples (Cappadocia, et al., 2009; Hastings, et al., 2009; Stadler, et al., 2011) or to the vulnerability of salivary cortisol measurements to be influenced by extraneous factors (Hellhammer, Wust, & Kudielka, 2009) . Males and females also show differential cortisol levels even in the absence of psychopathology, with males typically displaying more pronounced responses to stress but a lower cortisol awakening response compared to females (Kudielka, et al., 2009; Marsman et al., 2008) . Thus, sex differences are critical to consider when examining HPA-axis functioning in youth.
Because the DP is a precursor to severe, long-lasting psychopathology, it is likely that stable high levels of these symptoms are associated with HPA axis dysfunction, especially in response to stress. In particular, it is important to know how different levels of severity and stability of the DP relate to HPA axis activity. Furthermore, despite clear sex differences in HPA axis functioning and in the development of psychopathology (Kudielka, et al., 2009; Marsman, et al., 2008; Nolen-Hoeksema & Girgus, 1994; Zahn-Waxler, Shirtcliff, & Marceau, 2008) , the role of sex in the relation between psychopathology and HPA axis functioning has been relatively understudied (Zahn-Waxler, et al., 2008) .
In this investigation, we aimed to determine (1) whether differences in DP severity and stability were related to differences in HPA axis activity, both diurnally and in response to stress, and (2) whether these effects differed between boys and girls. Because the DP has been indicative of severe and pervasive psychopathology, we hypothesized that youth with stable high levels of DP symptoms rather than unstable DP symptoms would display blunted cortisol both diurnally and in response to stress. Further, we hypothesized that this effect would be moderated by the sex of subjects (Steen, et al., 2011) . We expected that the cortisol response would be more blunted for girls with the DP as compared to boys, consistent with previous findings on sex differences (Kudielka, et al., 2009) .
Method Participants
The sample for this study is part of a larger sample that participated in a longitudinal general population study (Tick, van der Ende, & Verhulst, 2007) . For this larger study, 2567 children and adolescents were randomly drawn from municipal registers of 35 representative municipalities, including urban and rural areas, in the Dutch province of South Holland. At the first measurement (Wave 1), between December 2003 and April 2005, 1710 of the 2286 eligible families participated. For details on the initial data collection, see (Tick, et al., 2007; Tick, van der Ende, & Verhulst, 2008) . Approximately three years later, between January 2006 and March 2009, 1161 individuals were invited to participate in Wave 2 of the study if (1) they were born between January 1 st 1988 and August 31 st 1997, (2) they participated at Wave 1, and (3) they gave permission to be contacted for follow-up research. One hundred seventy one individuals refused or were unable to participate, resulting in 990 children and adolescents between 8 and 20 years old who participated at Wave 2. Of these 990 children and adolescents, 489 had complete Wave 1 and Wave 2 CBCL data, participated in Wave 2 cortisol assessment procedures, and were thus included in the current study. Figure 1 describes participation and attrition for the current study. These participants did not differ from those without Wave 2 cortisol data on sex (χ 2 (1)=1.86, ns), but those without Wave 2 cortisol data were slightly older at Wave 1 (mean age=12.4) compared to those with Wave 2 cortisol data (mean age=11.4; F(1, 1705)=33.19, p<.001, η 2 =.02). Subjects who participated in the assessment of cortisol response to stress had mothers (F(1, 1681)=20.00, p<.001, η 2 =. 01) and fathers (F(1, 1562)=6.86, p<.01, η 2 =.004) with higher-level jobs than those who did not participate. Written informed consent was obtained from all participating youth and their parents. The Medical Ethics Committee of the Erasmus Medical Center approved the study. For the current study, the mean age of participants at Wave 1 was 11.5 years (SD=2.7, range=6-16), and mean age at Wave 2 was 14.2 years (SD=3.6, range=8-20). Forty-seven percent of the sample was male.
Measures and Procedure
Diurnal and Stress-related Cortisol Levels at Wave 2-At Wave 2, salivary cortisol samples were taken at ten time points in total by passively drooling into a test tube, a reliable and stress-free approach (Kirschbaum & Hellhammer, 1994) .
Diurnal Cortisol Levels:
Four tubes for assessment of salivary cortisol levels on a normal day were sent to the participants by mail prior to the stress procedure. Detailed written and verbal instructions were given on the time (a normal day) and manner of sample collections, and to preserve the tubes in the freezer until the testing day. Instructions included asking participants to refrain from consuming caffeine or chocolate on the day of, ingesting dairy products one hour prior, and eating 30 minutes prior to saliva collection. Participants were instructed to provide the first sample directly upon awakening, the second 30 minutes afterwards, the third at 12 p.m. and the fourth at 8 p.m.
Stress Reactivity Cortisol Levels:
Stress procedure sessions took place approximately one day after saliva collection at home. The procedure began at approximately 12 p.m. or at 3 p.m. in order to minimize differences in cortisol levels due to the diurnal curve. Stress procedure sessions commenced with an explanation of the procedure by the experiment leader. After the completion of questionnaires and a ten-minute baseline period, the social stress tasks began, which were designed to elicit a stress reaction (see Dieleman, van der Ende, Verhulst, & Huizink, 2010 and Evans, Greaves-Lord, Euser, Franken, & Huizink, 2012 for full details on the procedure). These entailed a mental arithmetic task, a public speaking task, and a computer mathematics task. The task order was the same for all participants. The session ended with a five-minute recovery period and a relaxing nature documentary (25 minutes). After each period/task, during the middle of the movie and at the end of it, the participant was asked to provide saliva samples (see Figure 2 ; Cort5-10). These samples represent cortisol levels about 20 minutes earlier due to the delay in observable cortisol response (Sapolsky, Romero, & Munck, 2000) .
Saliva samples were kept in a freezer at −20 degrees Celsius (Aardal & Holm, 1995) . The samples were collectively sent to either the Kirschbaum Laboratory in Dresden, Germany (371 participants' cortisol samples) or to a laboratory at Erasmus Medical Center in Rotterdam, the Netherlands for analysis. Cortisol levels did not significantly differ between laboratories, after controlling for age. A time-resolved fluorescence immunoassay was implemented to determine the cortisol concentration in the saliva samples (details available upon request).
Subjective Stress During Baseline and Tasks: Self-reported subjective stress (SS) was assessed after the rest period and after each of the tasks, prior to collection of Cort 5-8 and Cort 10 (see Figure 2 ). Participants used a visual thermometer (0=not at all to 8=very much) to answer seven questions (see Figure 3) . For each period/task, a total score was computed by summing the scores on these seven questions. Task SS was the average of the total scores from each of the stress tasks.
Dysregulation Profile at Waves 1 and 2-To assess the Dysregulation Profile at both assessment waves, the Child Behavior Checklist (CBCL) (Achenbach & Rescorla, 2001) was used. The CBCL is a widely used quantitative and empirically based measure of psychopathology in children and adolescents. The Dutch version of the CBCL has wellestablished reliability and validity (de Groot, Koot, & Verhulst, 1996; Tick, et al., 2007 Tick, et al., , 2008 . This questionnaire contains 120 problem items on which parents rate their child's behavior in the preceding 6 months on a three-point scale, where 0=not true, 1=somewhat or sometimes true, and 2=very true or often true. The Dysregulation Profile (DP) is defined by clinically significant levels on three CBCL subscales: Anxious/Depressed, Attention Problems, and Aggressive Behavior. As in previous studies using non-clinical populationbased samples in the Netherlands (Cents et al., 2011; Velders et al., 2011) and in the United States (Spencer et al., 2011) , we used the 80th percentile as our cutoff. Thus, participants were determined to have the DP if their scores were in the 80th percentile or higher on all three component scales of the DP (Anxious/Depressed, Attention Problems, and Aggressive Behavior). A 4-level categorical DP variable was then computed based on the presence or absence of DP at each wave: 0=no DP; 1=DP at Wave 1 only; 2=DP at Wave 2 only; 3=DP at both Waves (Persistent DP).
Potential Covariates-In previous studies examining cortisol levels, age (Gunnar, Talge, & Herrera, 2009) , body mass index (BMI) (Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer, 1999) , pubertal status (Hankin, Badanes, Abela, & Watamura, 2010) , socioeconomic status (SES) (Miller et al., 2009) , and physical and sexual abuse (Cicchetti, Rogosch, Gunnar, & Toth, 2010) have been previously used as covariates. In the current study, SES variables were the Wave 1 occupational levels of both mother and father, coded into no work, elementary, lower, middle, higher, and academic. Because there were few fathers in the no work category (N=8), it was combined with the "elementary" category for father job level. Age at cortisol assessment (Wave 2) was used as a potential covariate. Wave 2 height and weight were measured prior to the test session and used to compute BMI. Pubertal status was measured using self-reported Tanner stages (Marshall & Tanner, 1970) . Physical and sexual abuse was assessed within retrospective parent report and self-report life events questionnaires collected at Wave 2. If either informant reported that the child had ever experienced physical or sexual abuse, abuse was coded as 1. If neither informant reported abuse, the abuse variable was coded 0. Contraceptive use may also influence HPA axis functioning. However, a recent study using the current sample found no association between contraceptive use and HPA axis functioning in females (Evans, et al., 2012) , therefore we did not include this variable as a covariate in the current examinations.
Statistical Analyses
Data preparation: The four-level DP variable was dummy coded prior to entry into regression analyses. Specifically, three dummy-coded variables were computed, where the "no DP at either wave" group was the reference category.
In order to determine an index of diurnal cortisol levels, the area under the curve with respect to ground (AUCg diurnal) was calculated according to Preussner et al. (2003) (Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003) . AUCg indexes the total amount of cortisol secreted during a period of time, as it indicates the total area between zero and the curve that is constituted by the levels of cortisol at each measurement period. The four cortisol levels assessed during a normal day were used to calculate AUCg diurnal. AUCg diurnal was square-root transformed to approximate a normal distribution.
An AUC with respect to increase (AUCi) is the most preferred indicator of the cortisol response to stress (Pruessner, et al., 2003) . However, our sample showed a general lack of increase in cortisol levels in response to the stressful tasks, and cortisol levels at the onset of the procedure were already elevated compared to all of the proceeding cortisol measurements. Therefore, AUCi was less preferable in this case and we instead divided the stress procedure into three parts and tested the linear association between cortisol and DP group at each part (Evans, et al., 2012) . This provided an estimation of cortisol levels at the beginning (CortAtOnset; average of Cort5-6), during the stressful tasks (CortDuringTasks; average of Cort7-9), and after the tasks (CortRecovery; Cort10) by DP group. CortAtOnset, CortDuringTasks, and CortRecovery were log-transformed to approximate a normal distribution.
Analytic Plan-Descriptive analyses were conducted in SPSS version 19.0. Analyses of Variance (ANOVAs) and correlations were conducted to explore the relations of age, mother and father job level, BMI, and abuse with AUCg diurnal, CortAtOnset, CortDuringTasks, and CortRecovery. The difference between Task and Baseline SS was computed to check that the stress tasks induced stress.
Multiple regression analyses were conducted in Mplus version 6.12 (Muthen & Muthen, 1998 . Mplus handles missing cases under the Missing at Random (MAR) assumption using Full-Information Maximum Likelihood (FIML). Multivariate regressions were run in Mplus to determine whether DP and its interaction with sex were related to HPA axis activity at Wave 2. AUCg diurnal was entered as the dependent variable in the first analyses. CortAtOnset, CortDuringTasks, and CortRecovery were the dependent variables in the next regression analyses. These regression analyses tested DP (three dummy-coded variables) and sex as independent variables without the interaction term. Then, another model was run for each dependent variable to determine whether the interaction between sex and DP was significantly related to diurnal cortisol levels (AUCg diurnal) and cortisol responses to stress (CortAtOnset, CortDuringTasks, CortRecovery). For each model, covariates were included if they were significantly related to the dependent variable. Because we had specific, directional predictions, and all DP dummy variables were entered into a single regression model, alpha level adjustment was not necessary. With a sample of 489 and alpha=.05, the power to detect a small interaction effect (d=.2) after controlling for two independent variables is .88. Power to detect a medium or large effect would be 1.00. Therefore, there should be sufficient power to identify interactions in the current study.
Results

Descriptive Results
Forty-seven percent of the sample was boys (n=230). Most (88%) of the sample did not have the DP at either time point (n=430). Approximately 4% of participants had the DP at Wave 1 only (n=20), 5% had the DP at Wave 2 only (n=23), and 3% had the DP at both waves (n=16). This group was named the "Persistent DP" group. The prevalence of persistent DP (3%) was smaller than at Wave 1 (5%) and Wave 2 (4%). All three of these percentages, however, fall within the range of previously reported rates of DP in the general population and twin samples (Althoff, Rettew, Faraone, Boomsma, & Hudziak, 2006; Althoff, et al., 2010) . Mean DP score was significantly higher at Wave 1 (Mean=11.85, SD=8.54) compared to Wave 2 (Mean=10.26, SD=8.10; t(480)=30.43, p<.001)). Mean Wave 1 and Wave 2 DP scores and cortisol levels by DP group are shown in Table 1 .
The DP groups did not significantly differ in age (F(3, 320)=.39, ns). The mean ages were: No DP=15.19 (SD=3.50), Wave 1 DP Only=15.63 (SD=3.22), Wave 2 DP Only=14.84 (SD=3.64), Persistent DP=14.23 (SD=3.52). The DP groups also did not significantly differ regarding sex (χ 2 (3)=1.21, ns). The percentage boys within each group were: No DP=47%, Wave 1 DP Only=60%, Wave 2 DP Only=42%, Persistent DP=47%.
When examining potential covariates, abuse, mother job level, father job level, and pubertal status were not significantly related to AUCg diurnal, CortAtOnset, CortDuringTasks, or CortRecovery (see Table 2 ). Correlations between continuous covariates and predictors with AUCg diurnal, CortAtOnset, CortDuringTasks, and CortRecovery are shown in Table 3 . Age was significantly related to CortAtOnset and BMI was significantly related to CortRecovery. Older youth had higher cortisol levels at the onset of the stress task, and those with higher BMIs had lower cortisol levels at recovery. Neither age nor BMI were associated with CortDuringTasks or to AUCg diurnal. Task SS significantly increased from Baseline SS (β=0.83, p<.001), suggesting that the tasks did increase subjective stress levels as intended. Mean subjective stress levels at each of the five assessments (see Figure 2) were: SS1 Mean=7.39, SD=6.01; SS2 Mean=10.21, SD=7.88; SS3 Mean=12.27, SD=9.17; SS4 Mean=8.14, SD=7.50; SS5 Mean=4.90, SD=6.27. Regression analyses revealed no differences in Task SS by DP group.
Diurnal cortisol responding
No covariates were included in these models as none were significantly associated with AUCg diurnal in the descriptive analyses. In the first model testing the main effects of sex and DP in predicting AUCg diurnal at Wave 2, sex significantly predicted Wave 2 AUCg diurnal, but DP did not (see Table 4 ). Girls generally had higher AUCg diurnal than boys. The interaction between sex and DP was not significantly associated with Wave 2 AUCg diurnal.
Cortisol responses to stress
Despite significant associations in the descriptive analyses, neither age nor BMI was significantly related to CortAtOnset, CortDuringTasks, or CortRecovery in the regression analyses. Therefore, these covariates were dropped from the models. In addition, neither the sex main effect nor the sex*DP interaction were significantly associated with the cortisol variables and were therefore removed from the regression as well. Subjects with persistent DP had significantly more blunted HPA-axis responses at every stage of the stress task (at onset, during the tasks, and at recovery) compared to those without the DP at either time point (see Table 5 and Figure 4) . Those with the DP at Wave 2 only also had blunted cortisol responding relative to the no-DP group at onset and during the tasks, but not at recovery. Subjects with the DP at Wave 1 only did not display alterations in cortisol levels in response to stress that differed significantly from those without the DP. Table 5 and Figure 4 here
Discussion
To enhance insight into the biology of the Dysregulation Profile (DP) in youth, this study sought to determine whether a stable DP over time was related to blunted HPA axis activity both diurnally and in response to a laboratory stress test. Further, we sought to determine whether the association between DP and HPA axis activity differed between boys and girls.
Our hypothesis that individuals with persistent DP would display blunted HPA axis responses to stress relative to those without the DP was supported. Subjects with the DP at Wave 2 only also showed blunted cortisol reactivity in response to stress, but those with the DP at Wave 1 only did not differ significantly from those without the DP at all in terms of HPA axis reactivity. This is interesting given that overall, youth had higher average DP scores at Wave 1 compared to Wave 2. DP-related differences in HPA axis activity in response to stress may remit as DP remits. It is possible that those with persistent DP have inherently low cortisol levels or blunted HPA axis responses to stress, indicating dysfunction in their stress regulation system which makes these individuals have trouble regulating attention, emotions and behaviors, and also more vulnerable for developing the DP. Alternatively, the observed differences in cortisol levels could be state-dependent and disappear as symptoms remit. Unfortunately, this study is not sufficient to determine whether DP predicts HPA axis response to stress, or vice versa. In other words, because we did not measure cortisol reactivity to stress at Wave 1, additional longitudinal research is needed to determine whether and how changes in DP symptoms parallel changes in HPA axis functioning.
Contrary to our hypotheses, we did not find that the DP was related to impaired diurnal HPA axis functioning. Therefore, differences in HPA axis functioning in youth with the DP appear to be specifically related to stress exposure. This is consistent with other findings from this sample suggesting that HPA axis responses to stress may be a better marker of risk compared to diurnal HPA axis activity (Dieleman, et al., 2010; Evans, et al., 2012) . Additional research is needed to determine whether diurnal cortisol levels are no different in those with even longer-lasting, more severe DP symptoms. This was a relatively highfunctioning, non-clinical sample, so we might not have had the power to detect differences in diurnal cortisol levels that may only occur in more severely impaired populations.
Consistent with previous literature (Kudielka, et al., 2009; Marsman, et al., 2008) , we identified significant sex differences in diurnal cortisol levels. Specifically, girls showed higher cortisol levels diurnally than boys. However, we did not find significant sex differences in the relation between DP and Wave 2 HPA axis functioning. Therefore, the blunted HPA axis responses to stress related to Wave 2 and Persistent DP do not appear to be sex-specific. There is a great deal of literature showing that sex differences in the impact of psychopathology on HPA axis functioning exist (Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2011; Marsman, et al., 2008; Steen, et al., 2011) though, so our finding that there were no sex differences in cortisol responses to stress is somewhat surprising. To further investigate, it will be useful to examine associations between sex, DP, and cortisol responses to stress within distinct age groups. We included a relatively broad age range of youth in this study, ranging from children to older adolescents. We did not find that age predicted cortisol responses to stress, but were not able to test whether there was a three-way interaction between sex, age, and DP. Our broad age range may have masked age-specific sex differences.
There are many notable clinical and research implications of these findings. First, with increased attention on the identification of endophenotypes (Gottesman & Gould, 2003) for psychiatric disorders, this study may be an important preliminary step in determining endophenotypes for severe and long-lasting difficulties with the regulation of emotion, attention, and behavior, which potentially are manifested as bipolar disorder, borderline personality disorder, substance use disorders, and other highly impairing psychopathology in adulthood (Althoff, et al., 2010; Halperin, Rucklidge, Powers, Miller, & Newcorn, 2011) . Prospective studies that test the role of HPA axis functioning as a moderator or mediator of early DP and later forms of severe psychopathology can help to explicate the key etiological processes and developmental pathways involved. Finally, these findings might ultimately help to measure the impact of interventions aiming to reduce problems regulating emotions, attention, and behavior. For example, improvements in HPA axis responses to stress following treatment could be used to corroborate self-or parent-reported symptom reduction.
For this line of study to have maximum impact, however, its limitations must be addressed through future research. A notable weakness of the current study is that HPA axis functioning was not measured at Wave 1. Thus, it was not possible for us to determine whether the same pattern of results would be observed earlier in development, or how HPA axis functioning may have changed over time for youth with the DP at one, both, or no time points, or for boys compared to girls. In addition, this sample was a normative, non-clinical one and thus it is not known whether our results would hold within clinical populations. Because the measurement of cortisol levels required a certain level of motivation and effort (e.g., mailing back saliva samples, collecting them at particular times) youth with more impairing psychopathology may also have been more likely to drop out of the study, although an analysis of the data suggests that this is not the case. If it were the case, however, one would expect research examining the DP in the more severe cases would identify even stronger effects than the ones reported here. Some researchers have suggested that it can be difficult to capture sufficient variability in biological and psychological mechanisms within normative samples because there are typically few non-normative (clinical) cases relative to a large number of normative cases (Beauchaine, 2001) . This can make it difficult to detect effects or group differences. Although we were able to detect group differences despite having a non-clinical sample, there is still much to be gleaned from replication within clinical samples. Such studies could reveal interesting and important group differences and similarities that were not detectable in the current study. For example, there could be a difference between youth with the DP at Wave 1 and youth without the DP that we were unable to capture here.
The use of self-obtained saliva samples to compute diurnal cortisol is a limitation as well, since it is difficult to verify whether all subjects followed instructions regarding the timing of collection. Also because this was not a clinical sample, we ended up with relatively small cell sizes for the analysis of main effects of DP and interactions with sex, which may have limited our ability to detect smaller effects. The prevalence of the DP in this sample is consistent with other general population studies and twin studies (Althoff, et al., 2006; Althoff, et al., 2010) , and our power calculations suggested that we had sufficient power to detect relatively small effects, but replication in larger samples is still needed. In addition, our sample included a broad age range of youth. We did not have sufficient sample size to determine whether associations between the DP and HPA axis function differed at various developmental stages, and therefore more research is needed to test whether our findings generalize across age groups. Similarly, we do not know whether our findings generalize across clinical subgroups with various types of co-occurring conditions, such as anxiety, depression, and ADHD. More research with larger samples is necessary to explore these subgroups. Collecting these types of data on large samples is time and resource-intensive, however. Future studies should consider oversampling individuals with clinical levels of the psychiatric conditions of interest, or focusing on clinical samples entirely.
Another limitation to our study was our inability to include IQ data in our analyses. It is possible that IQ may interact with risk for DP as well as HPA axis functioning in children with DP. More research will be needed to investigate these relations. Finally, because the participants in this study overall displayed high baseline/anticipatory cortisol levels prior to the stress task (see Figure 4) , we did not observe the "typical" initial rise in cortisol levels. This is not unusual, especially in youth samples (Ouellet-Morin et al., 2011) , and our subjective stress measure suggested that the stress tasks did elicit a response.
Despite these limitations, the current study contained many strengths which we believe make it informative and useful for future research in this area. First, this is the only study to our knowledge that has examined HPA axis activity in relation to the DP. Second, the sample we used was quite large, and because it was a normative population it may have relatively strong generalizability at the population level. Third, we implemented a prospective design to examine the effects of the DP on later HPA axis functioning. We hope that the current study can spur further investigation into the biological processes associated with the development and persistence of the DP and its role as a key risk factor for severe problems with emotion, attention, and behavior regulation later in life. Schematic Depiction of the Stress Procedure (from (Evans, et al., 2012) ) Note: SS=Subjective stress measurement; MAT=Mental arithmetic task; PST=Public speaking task; CT=Computer task; Cort5-Cort10=Cortisol tubes 5 through 10. Arrows extending from Cort5-10 point to moments during the procedure to which cortisol levels correspond, due to the delay in observable cortisol increase after the onset of the stressor (Sapolsky et al., 2000) . Dysregulation Profile (DP) predicts Wave 2 cortisol response to stress Note. W1: Wave 1; W2: Wave 2; DP: Dysregulation Profile Table 1 Means and standard deviations of Dysregulation Profile (DP) raw scores and cortisol variables by DP group Biol Psychol. Author manuscript; available in PMC 2013 July 18. Table 2 Frequencies of categorical covariates, and associations with diurnal cortisol and cortisol response to stress at Wave 2. Bivariate correlations between continuous variables, means, and standard deviations (N=489) Multivariate regression analysis of CBCL Dysregulation Profile (DP) predicting cortisol response to stress at Wave 2. β: standardized regression coefficient (beta); ns: not significant at the p<.05 level.
